Introduction
Toxoplasmosis infects about one-third of the world population. [1] It usually causes a non-specific flu-like illness with lymphadenopathy in immunocompetent individuals. If acquired during pregnancy, the infection might go unnoticed, but it may get transmitted to the foetus causing congenital toxoplasmosis. It may also cause fatal and life-threatening complications such as encephalitis in immunosuppressed individuals. [2] The diagnosis of toxoplasmosis is particularly challenging as the clinical symptoms are non-specific. Conventional methods for diagnosis such as parasite culture and immunofluorescence are not universally available and not sensitive enough while serological tests may falsely be negative in early part of infection and in immunosuppressed individuals. [3] Several molecular methods like PCR, LAMP have also been used for the diagnosis of toxoplasmosis. LAMP suffers from issues of false positivity and an inability to target more than one gene sequences i.e. multiplexing. 
DNA extraction
DNA from parasite pellet obtained after centrifuging the peritoneal fluid of Toxoplasma-infected mice and sterile human cerebrospinal fluid was extracted using RBS genomic DNA extraction kit. Briefly, the pellet/fluid was incubated with proteinase K at 56°C for 10 minutes followed by lysis using lysis buffer. DNA released after cell lysis was absorbed on a silica column and eluted using TE buffer. The concentration of DNA was quantified using Nano drop and stored at −20°C till further use.
Touchdown PCR and analytical sensitivity
To find the analytical sensitivity of single assays, human DNA and parasite DNA was subjected to 10 fold dilutions from 10 ng-1pg. Thus obtained DNA was used as template for different assays of 50 µl each. The final concentration of different components of the master mix were 1X buffer with 1.5 mM of MgCl 2 , 0.4 mM each of the 4 deoxyribonucleotides (dNTP), 1 unit of Taq polymerase and 0.5 µM of each primer for simple PCR assays. Similar conditions were used for multiplex assay except for increased concentration of dNTP (0.8 mM) and Taq polymerase (2.5 U). The cycling parameters used are given in Table 1 . The amplified products were run in 1.5% agarose gel containing ethidium bromide, and visualized in ultra-violet light in a gel documentation system (AlphaImager 3400, AlphaInnotech, USA).
Spiking of human CSF with parasite DNA, specificity testing and evaluation of multilplex PCR in samples of suspected toxoplasmosis
Pooled CSF from bacterial and fungal culture negative patients suspected of meningitis, without serological evidence of toxoplasmosis were spiked with DNA from T. gondii, M. tuberculosis, E. coli, K. pneumoniae, and S. aureus. All tests were applied in triplicate, to ensure reproducibility. All primers were also subjected to primer BLAST. Samples received from 24 patients were also subjected to B1 gene PCR and multiplex PCR.
Results
Product sizes of 106 bp, 284 bp and 411 bp were predicted insilico for the B1 gene, 5s gene and human beta globin gene by the MPrimer software, respectively. Amplicons corresponding to the predicted sizes were obtained following PCR. It was found that simple PCR assays had an analytical sensitivity ranging from 1-10 pg while multiplex PCR had analytical sensitivity of 10 pg for detecting toxoplasmosis and 100 pg for human beta globin. The product sizes obtained after PCR and analytical sensitivities of conventional PCR are given in Table 2 . Inhibition of the PCR assays occurred when the concentration of DNA was >200 ng/μl. Only one band corresponding to human beta globin was seen in specimens spiked with DNA from M. tuberculosis, E. coli, K. pneumoniae and S. aureus. Primer specificity was also confirmed on primer BLAST except for 5s gene. Of the 24 samples received (15 vitreous and 9 CSF) from 24 patients, 6 (4 vitreous and 2 CSF) had proven toxoplasmosis on the basis of typical clinical findings, response to treatment, positive serology and radiology (the last two for cerebral toxoplasmosis) which were taken as gold standard. Among the 6 proven cases, 5 were positive by both the assays and 1 was negative by both the assays. The diagnostic sensitivity and specificities are given in the Table 2 .
Discussion
In recent times, molecular methods are being increasingly used for diagnosis of toxoplasmosis and have led to significant improvement in its diagnosis in prenatal period and immunocompromised patients. [2] Several techniques viz. conventional PCR, nested PCR, LAMP and real-time PCR have been used by different authors. The sensitivity of the different techniques in descending order is real time PCR (qPCR), nested PCR (npcr), LAMP and conventional PCR. Like other authors, we have used small repetitive elements viz. B1 gene, and ribosomal DNA, which have been proposed to increase the sensitivity of the assay. [6, 7] A real-time format although ideal is not practical in a number of laboratories because of the cost factor and need for special analyzers [8] while nested PCR is labour intensive and prone to contamination. Although LAMP has the benefit of not requiring a thermocycler, it suffers from the issues of cross contamination and difficulty to be multiplexed. [4, 5] Conventional PCR lacks an internal control, which can be circumvented using a multiplex approach. Apart from this, PCR optimization and troubleshooting is a tedious process because of the fussy and often unforeseeable nature of the reactions. Even slight variations in any of the many variables in a given reaction can have a marked effect on the resultant amplicon profile. These issues can be addressed by using the touchdown strategy. This strategy ensures that the first primer-template hybridization events favour only those reactants with the greatest complementarity i.e. those yielding the desired amplicon. Although in the subsequent reactions annealing temperature may drop down to cause nonspecific hybridizations, the desired amplicon will have already begun its geometric amplification and is thus in an advantageous position to outcompete any nonspecific PCR products. Moreover, it can also compensate for suboptimal buffer composition. [9] Hence, a combined approach, that is, single tube touch-down multiplex PCR would overcome the above issues. Therefore, we designed a multiplex PCR, which had primers targeting human beta globin gene that would act as internal control, and two primers targeting T. gondii viz. B1 gene and 5s gene, which are repetitive sequences. This was done using the MPrimer program available freely on the internet. [10] Of the genes targeted for multiplex PCR, only 5s gene was not specific for T. gondii and could amplify DNA from Neospra caninum, Sarcocystis spp., Besnoitia besnoiti etc., none of these organisms are pathogenic for man. With this in mind, we then combined it with the touchdown technique in which the reaction is started 10°C above the calculated annealing temperature i.e. 67°C and is then reduced by 1°C/cycle during initial 10 cycles. This is followed by 20 cycles with annealing temperature at 57°C. Usually and as in our case, a decreased analytical sensitivity of multiplex PCR is expected, which could be because of competition between different reagents. However, this was partially circumvented by using reagents in excess and use of touchdown technique. Even with this fall in sensitivity, it was shown that as little as 10 pg DNA of T. gondii could be detected. Rahamatullah et al. in their study used a similar approach for diagnosis of toxoplasmosis using Vibrio cholerae HemM gene as internal control, which would require V. cholerae DNA spiking that may lead to cross contamination. [3] However, we used the human beta globin gene, which is already present in the human samples. This reduces the chances of any cross contamination and helps us rule out presence of inhibitors or a failure of DNA extraction procedure. This in turn would help to reduce the time lost in reconfirming the presence/absence of inhibitors samples following spiking with known DNA or requesting for a repeat sample. We also tried to evaluate the test in samples obtained from patients with proven toxoplasmosis and found that there was no significant difference in the performance of the two tests. Although both tests had the similar sensitivity and specificity, the sample size in the study is small to conclude regarding the significance of the findings. Hence, further studies with larger sample size are required to evaluate the tests.
